ABSTRACT. Sugars in the glycocalyx play an important role in the attachment of infectious agents to the respiratory mucosa. We examined the histochemistry of 23 lectins to survey the sugar expression in the glycocalyx of the respiratory mucosa of the Pacific white-sided dolphin, Lagenorhynchus obliquidens. The ciliated and basal cells were positive for all of the lectins studied. SBA, WFA, GSL-II, STL, S-WGA, and PNA staining in the cytoplasm showed different intensities between basal cells and ciliated cells. These results suggest that multiple terminal glycosylation occurs on ciliated and basal cells, such as GalNAc, GlcNAc, NeuNAc, galactose, glucose/mannose, oligosaccharide, and fucose, and that sugar residue expression changes during cell differentiation. The Pacific white-sided dolphin respiratory mucosa might express multiple sugar residues in the glycocalyx, to prevent the attachment and colonisation of infectious agents.
The Pacific white-sided dolphin, Lagenorhynchus obliquidens, inhabits the temperate waters of the North Pacific and adjacent seas. Its southern limit is the mouth of the Gulf of California and Taiwan [7, 8] . The lungs of cetaceans feature thick alveolar septa with connective tissues and a bi-layer capillary bed [3, 6, 10] . These characteristics are believed to be part of the strategy cetaceans use to conserve oxygen [10] . Post-mortem examinations of stranded and accidentally captured cetaceans indicate that many pathological, parasitological, and microbiological disorders can cause their death [4, 12] . The respiratory mucosa is always exposed to infectious agents. The ciliary movement and mucus prevent these agents from colonising the surface of the respiratory mucosa. Glycoconjugates play important roles in the attachment of parasites and microbes to the respiratory mucosa [15, 16] , although there are no data on the glycoconjugate sugar residues in the respiratory mucosa of the Pacific white-sided dolphin. Knowledge of the patterns of glycosylation and the glycoprofiles of cells and the extracellular matrix is important for understanding disease mechanisms. This study investigated the presence of glycoconjugates using 23 lectins in the respiratory mucosa of the Pacific white-sided dolphin.
Lectin histochemistry was performed on three Pacific white-sided dolphins accidentally entangled in gillnets near Nanao, on the Notojima coast of Ishikawa Prefecture, Japan (Table 1) . To determine the dolphins' maturity, the testes and epididymides were routinely processed in paraffin wax. Serial sections were cut at a thickness of 5 μm and stained with hematoxylin and eosin and periodic acid-Schiff stain to determine whether the seminiferous tubules contained sperm. In the testes of the 3 dolphins examined, no lumen with mature spermatids was observed, although seminiferous tubules were filled with early spermatids. In epididymides, no sperm were observed in the lumen (data not shown). Therefore, the dolphins were judged to be sexually immature. Although the dolphins had reached the maturity standard based on body length, no sperm were observed in the testes or epididymides. Such sexual immaturity has also been reported for the Pacific white-sided dolphin in the central North Pacific Ocean [5] . Determination of the dissected portion of the tracheobronchial tree was based on the diagram of Kida [9] . Both sides of the lung subsegmental bronchus were taken from the dorsal part of the lung (D2 and D3 areas), fixed in 4% paraformaldehyde in 100 mM phosphate buffer (pH 7.4), and processed routinely for paraffin sectioning. Sections were cut at 5 μm, dewaxed in xylene, and rehydrated with a graded series of ethanol. Lectin histochemistry was performed for 23 biotinylated lectins (Vector, Burlingame, CA, U.S.A.) in combination with the avidin-biotin peroxidase complex (ABC) method using the VECTASTAIN ABC kit (Vector), as described previously [13] . Endogenous peroxidase was blocked in methanolic hydrogen peroxidase at 36°C for 30 min, and non-specific lectin-protein binding was suppressed by incubation with 1% bovine serum albumin at 36°C for 30 min, followed by rinsing with 0.02 M phosphate-buffered saline (PBS, pH 7.4). Sections were incubated with the biotinylated lectins at 4°C overnight. The optimal concentration and sugar specificity of each lectin used are listed in Table 1 . After rinsing with PBS, the sections were further incubated with the VECTASTAIN ABC reagent (Vector) at room temperature for 30 min. Finally, the sections were colourised with PBS containing 0.006% 3-3-diaminobenzidine tetrahydrochloride and 0.003% H 2 O 2 at room temperature for 30 min, and lightly counterstained with haematoxylin. Control slides were prepared with lectins pre-absorbed with an excess of specific sugar residues, or by using PBS in place of the biotinylated lectins or ABC reagent. Non-specific lectin staining was not observed in the control slides (data not shown).
The ciliated pseudostratified epithelium in the respiratory mucosa reacted with all 23 lectins ( Table 2) . GSL-I, DBA, SBA, RCA 120 , RCA-I, SJA, WFA, GSL-II, DSL, LEL, STL, S-WGA, PNA, Jacalin, ECL, Con A, LCA, PSA, PHA-E, PHA-L, and UEA-I reacted moderately or strongly with the cilia of the ciliated cells (Fig. 1a-f) , while VVA and WGA reacted weakly with them (Fig. 1g, h) . SBA, RCA 120 , RCA-I, SJA, WFA, GSL-II, DSL, STL, S-WGA, Con A, LCA, PHA-E, PHA-L, and UEA-I reacted moderately or strongly with the cytoplasm of the ciliated cells (Fig. 1b-c) , while GSL-I, DBA, VVA, LEL, WGA, Jacalin, and ECL reacted weakly with them (Fig. 1a, d, f-h) . SBA, RCA 120 , RCA-I, SJA, DSL, STL, S-WGA, PNA, Con A, LCA, PSA, PHA-E, PHA-L, and UEA-I reacted moderately or strongly with the basal cells of the ciliated pseudostratified epithelium (Fig.   1b, c, e) , while GSL-I, DBA, VVA, WFA, GSL-II, LEL, WGA, Jacalin, and ECL reacted weakly with them (Fig. 1a,  d , f-h). Each specimen displayed the same reaction against the lectins used in this study.
The ciliated and basal cells reacted positively for the lectins tested in this study. These results suggest that the Pacific white-sided dolphin respiratory mucosa expresses N-acetylgalactosamine (GalNAc), N-acetylglucosamine (GlcNAc), N-acetylneuraminic acid (NeuNAc), galactose, mannose, oligosaccharide, and fucose. In humans, mannose-binding lectins rarely bound to respiratory mucosal epithelial cells [1, 2] , whereas in sheep, mannose-binding lectins were specifically identified on respiratory mucosal epithelial cells [11] . The Pacific white-sided dolphin ciliated cells in respiratory mucosa had a similar staining pattern to sheep respiratory mucosa. GSA-I specifically identified basal cells in rat respiratory mucosa [11] , while it reacted negatively with basal cells in human respiratory mucosa [2] . The Pacific white-sided dolphin basal cells in respiratory mucosa displayed a similar staining pattern to rat respiratory mucosa [11] . As the respiratory mucosa is always exposed to infectious agents, dolphin lungs may have some phylaxis systems. The multiple terminal glycosylations may protect the cetacean lung from infectious agents. SBA, WFA, GSL-II, STL, S-WGA, and PNA staining in the cytoplasm showed different intensities between basal cells and columnar ciliated cells. According to Schumacher et al., lectin reactivity is affected by the stage of cell differentiation [14] . The ciliated cells differentiate from the basal cells as they reach the luminal surface, where the cells might express different sugar residues on the plasma membrane. In this study, all lectins bound to the columnar ciliated and basal cells in the ciliated pseudostratified epithelium of the respiratory mucosa. The Pacific whitesided dolphin respiratory mucosa may have multiple terminal glycosylations, which play an important role in preventing lethal infections. 
